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(54)Title: MATHEMATICAL RELATION IDENTIFICATION APPARATUS AND METHOD 



(57) Abstract 

A mathematical relation identificatioa apparatus adapted to output a 

mathematical relation established among bade variables xl xp when a plurality 

of sets (^j) of input data, each set differentiated by an input data designation 
parameter i comprising p basic variables xl, ..^ xp, are inputted. The principle of 
this invention is that, when input data are converted into q-dimensional data by 9 
base functions fl, fq and when vectors having the converted values as vector 
components form a plane, the mathematical relation as a linear combination of 

these base functions is establi^ied. The sets fl fq of base Unctions, the 

functions of basic variables are defined in advance. A set F(i)=(Flj, .... Fqi) of 
values of base functions corresponding to the input data d(i') is determined. F(i) is 
assumed to be a point in q-dtmensional space. From the cofactor of a determinant 
from the points, the mapping plane in which the square sum of the lengths of the 
perpendicuiais from these points is the smallest is determined as the solution of an 
eigenvalue problem period. When the direction cosine of this plane is LI, .... Lq, 
the mathematical relation 0) is outputted. This invention can be used for the 
interpolation of data, and the identification of an orbit and a shape. 



liJ 


H 











4 

P4 




S 

P8 





6 

PS 



7 

PT 



8 

P6 



B AS 

n 



I TRACES I 



ALL 



)L YHOM I 



ZERO 




(57)M^ 

^ d Jis p-(S<^£*l^i!: (xl. . . xp) i^h^*) . ^oJ:p 
^SrAJ^.-r-^ <^)|a d ( i ) A;'? $ nfcKSp. ( X 

1 ... X p) (DmK^SL-ri>w:m^m^im:^-t^^^i^m 
^^m<Dmmn. ^.^7"-^%. 9m<om&m^' a i. . 

(7) - 2fc ^ ^ t L T II: ^ 6«) gl ^ ^ It 5 r t 5 , 
S:*:|5ifc©Kf!cT-*)5Sj£Sii!i:©m (f 1. . . f q) j 

(i) = (Fl i. . . Fqi) ^*4i)5o F (i)Srq »: 5c 

@^«i[F.3Si:UT**5. ±iaspBn<^^lS]^3£iS (LI. . . 
Lq) -C-ifoSNF, 
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2 (L k • f k) = 0 
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«r4-^5X, Y, P, T «r^i^>fcv^.^:-r5• -O^. X, Y, 

i[S:^VNTSS(0 Z ^^^5 X, Y, P., T ^rft^i" 5 i: 

ei^tiX, Y, Z. p. T|:UfcoS[^«lii«*S«>5 ii-fS : 
Z / ( X • Y) = K 0 + K 1 • P + K 2 • T + K 3 • X 
15 /-^^X-^KO, Kl, k2. K 3 ^r^P'^^V^^^ 
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tbTv^s. mttis xfif-^ (x i . y i ) <om^\ 

y = a X + b iSfife&i-S t {S^U-C. S^r^jfe-C a . b Sr^ 
* 5 r i: /S < fi^ i> T 5 , J^fclg Ife b -C 35^ e> - ^ Jfe S: 

10 Ji^f 5 r t tjE < ^Tfc^LTV^5. 

8y^7'-i5';6*P>l^i¥^6«JS#i£rl^^-t-5:^&Ji. J. C. MI 
LLER/J. N.MILLER (^^ftlR) ® Tt*- tJr <0 
?);^*ti?);^J 9 9 1 ¥) f-^S?t-<S* 

15 &li!gCT'i£te-r5^g:iS#g|ilz 5 - 3 3 4 

n»C7C7'-^'l::MUT (n+1) J5c5c©«¥ffiSrffi VnT, t* 
-^OliFaSr-r5ilgd5iR?5S3p5w. 2 6 6 0 6 3 tcBi*§ti 

*«wf±. 1 ts.(oxt}7'-^ dn^pmom^u^ (x 1 . . . 

25 -^oMd ( i ) :6s#|^{@A;^$tifc^. S^^fc (x 1 . . , 
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(iB#. mm) 

• IB^ " " «'<#^^S1- (MXL« (- 2) ^3=-8), 

-<tmit±H^mx.^'(^X'h^'r (^x.« (-2) ' = -8) , 

• " • " fta-tti^Sr^i- (^dxrf 2 • 3 = 6), iatisfi? 

10 

2'x + 3- y = 0)« 

• 12^ "< a • b >" i-ip^m {:^^ym ^n-to 

7'-:^' («?«I^W!M:^x, y. z . £E.:^ p . t ) T- 
/ • "XflT'-^ d- S;*:aS» (x 1 . . . X p) ©m«:V^ 

• "(1= (xi. . . xp) " n.. xtif-^ A(Dm%^w 

• "A;^7^-i? d ( i ) " li. i #B©A;'3X-^' d Tf&So 

20 

• " X j i " li. i # B.Ox-t^ d ( i ) <Z) j #@ <??S:|=^iC 

25 
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5 

tJ^7i^g kSrit^U (m=k) . ^(Olk^m^s k<O^Um3l 
ic Ij: ft A S 5 ^ # i: . jgJS IS D T J£ 51 S Sr 

, «^MIS:^W§i«" Sli£li«Oi& (f 1. . , f q) 

. " ( f 1 . . . f q) " ^:<^^ttSjgSii:*M«©SJS 
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: A;/3x-^ d ( i ) om:^mW: (x l . . . x p) ©ISSrftA 

• ."^j? h/UF ( i ) " i: fl. h/VfiK^J-F k i ( k == 1 . . . 

. «-<^ h/Ufig^E^iV C_AR R A Y" tti. h/i'^^^ 
F k i Sr^^^ft Lfc 2 ^7cEa?JJT-*).5, 

• K/U^^F" tfi. qZfe5c'<^ h/i'F ( i ) *sf^SS 

10 

> "5}Z®» t 1*, q l^jc^^ h;uS^{C*5V^r . L 1 . L 2 , . . . 

B) . 

L 1 • X 1 + • • • + L q«xq = 0 .•• (!) 

15 • "iJ^f^^SK" tti. S: (1) liSfig •? i£oi$. iJco Jt 5 

b ( L 1 . . L q ) V^ 5. : 
(L 1 )«+ (L 2 )«... + (L q) 1 • • • (2 ) 

. "^^2|r®- trix d ( i ) ^/^2SraF-- 

• "¥®«Jg^P I" ttt. h7^F CD . . . F (q) 

26 
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7 

fc5 (ftHfeF) o 

<arb>=2(Fai-Fbi) •••(3a) 

<a|b> = £Wi«(Fai-Fbi) •••(3b) 
10 «^^#S) 

15 p M<Dm:i^^^x j ( j = 1 . . . p) 

d ( i ) f±. d ( i ) = '( X 1 i , X 2 i . . . . X p i.) 

M $ T 5 IgC^ §11^ y n ^ 7 A g m Ji> e> # ^ © SI* 
n ^7 A g k Srlg^et (m = k) , ^©f^^H.ISg k 

25. f^M|g:^^ll#.jg^^g!»:SJS|||^(D& ( f 1 . . . fq) 
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8 

mmi-t^ti^com&m^ ( f i . . . f q) (D-ik^'^t l-c 
5 d (.i ) ui^. m^^^mm^i^^^n^mmmiki k (k = 

, .ii»f k ©SifgclSFk i (k = l, 2. . . q) Sr**S. ^ 

VC_ARR AYi:lif^o SUBIIftiJ* fk(k«l....q) 

. ^A.RRAY« (qXs) « 2 2fe Tcia^lJ t Jfc 5 o 

F j i ( j = 1 . 2 . . . . q), Sr-O©^^ ^/^F ( i ) 

t^^Xs h/i'j5St^5>ia?i| V C__AR R A Ytrtts ^© J: 5 
hA^F ( i ) t:miSLi: VXmSiUt^^m^i^^, 

15 F ( 1 ) = (F 11 F 2 1 , . .. ... F q 1 ) 

F(2) = (F12 F22 .. ..Fq2) 



. ia^JVC_A.RRAY©q®Ox-^Sr. q2fe5cO^^ h/i' 

^iSFo;^? (i) (om^xhz tnx.!s>^ mm»:^^^^<^ 

iP^rf^li^it^Py. «)5V^l4ftekF^?IJlM■rS J: 5 lO^P ( i ) 
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9 

i3\^^^m.n^miij^p ( i ) ( i = 1 . . . q) 

Bff. ^tcltj^f (i) }6^e>OSi^O-mftA5^/Mw«t5¥ffiT' 
&5¥^¥ESr*ib. •^■i^©;&|RJ#3£ (Ll. . . Lq) SrSt 

5 W:^mmmtii:h^WHis q {@<o;b^ffijj^K ( l i . . . Lq) 
^ ^^^^mi-ts, SJSSI^ f k (k = i . . . q) <n>ik(0~ 

q 

10 2 ( L k • f k ) = 0 • • • ( 4 ) 

k = l 

5 fr ?rj it V o ^ H ^ Sr M V ^ X Ife ¥ ffi © iRl ^ 3S * ® ^ -r 
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1 0 

5 ii^tbTV^So (|5g;t|i=f/l'7;?' 7 >^<^^ 

^ S: S ^ «J * fc t± S gfe fi<j K: e ^ L T *5 1 . 4:: lg §g © ^ g -C ;^ 

So 

:¥i^m (o-^ommnmtt. milium i(omm(ommi^Mis:-t 

20 :^:^W:(oj^m.X'h^o 



25 
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1 1 

< « W «r II i- S * o « ^ <^ ?^ H > 

15 El 1 t HI 2 i;:;*:jge«<D^Bt ;^&:dS^^*tT V^5« 
^ • A T^-^'Ife^^^ (1) ty'-'S'mni^U iP 1) ■■ 

(1) BI^UJaiV>8&a(^7*-^W;'3^® («^:t»ij@c|£S:A 

i-5 :^ ^ 7 ;=^*^?>o?itfix-^»^^^. c CDij / y 

V ^ T jg » (4^ © iiii « ffif « # T S: it @ m ^ I- ^ Ife -r 5 fit 

x-i5'8i#^i^ ( 1 ) Ji. -i^^T^-^ d ( i ) Sr^^i-S, 
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1 2 

^"f-f d ( i ) fip^w^^x. j (j=i... p)*»efi£ 

,. ,5,. 

f'-^ffit^^S (1) T?«t^$n57*-^'d (i) ©fi^SrEI 

6. 0 3© (a) (b) (c) ^(Omifj^tom^^iro ^<Om 

X'ttJ^i^^^^-r-S P 1 . . . P 1 4 © 2^7gM^ 

(x, y) x-^' d tt2o<^S*^l^ 

(x, y) 36^b^5 (d = (x. y) ) . •7*-iJ'm##^ (D 
igS-Hf^lrt; CT. r©E^J^# (x, y) S:. M^rf. #^ 
10 (Mx.tf@<^0^ 't>rtffi!lO^*^P>l£il X o*:tt^ 

SUti-SfiiM^ (r. e) 

X-^^ffil^^a (1) iSjEOvSP 1 . . . <0 3»c5cffi^ (x, 
y . z ) &ai:£-r5 r b %^igT?*»«. no^^x-^J' d ( i ) 

15 \i.^m<Omi^^Wi (x, y, z) CT, r 

3 ^fcTcMSI^. «ajx.«^ff^fRi«i (z$lli) ^^'bt-r^ni^ 

14(D2»:5cMS (x, y) SrSUti-Sfi^i-^-r. 
20 '5*-^ d ( i ) {t 2i®i^)S;*:ig^ ( X . y)*»b^5. "^-^ 
(1) i5j^Pl. . . <D Z^Hf^ytMW. (x, y ,. z) S: 

si;£-r5 w t> »rtB-cfc.5, cKz^^-a-x-tJ^ d ( i ) j±3 

(x. y, z) *>e>«ja. a 3 (OMiri^^t-. iCMgt;: 

J&CT, ^SI^IfgMgl (r . %) \ niSJ^^ (r, 0. z) f3 
25 |g^i-5M^|g^¥S^«;tS. 
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1 3 

(DM.) omi^. (x, y. z) ^m^'i t om^t i^xm^-r^m 

5r^-r, 7^-^ d ( 1 ) . . . d ( 1 5.) ti^in^fiAmom 
( t . X, y . z ) A^e>^5. 

061*. f s/^-Y-<Z)J5ilf fcJl?— /K^>lfcJiS:4#3ei■5fe*t- 
6 M imx.\-i5m(0M<) omm (x, y, z) Sr^^ltOll^i: 
LTSil^t- 5l?il«r^i-. v'-^ d ( i ) . . . d (5) 

«-4 o©S;fc^|gc (t, X, y, z) ii^^ta^o 

07«:, ff;^P. a«T. riS^A<Z)««X. fife^B©Sl£Y 

10 ^LTx-i? (P, T. X, Y, Z) ^Sd^tl/tl^OP. Y. 

;Sd (1) . . . d (20) or-^ (P. T, X, Y. Z) 
r O^-a-. T^-^' d ( i ) f± 5 0(^S3l!:^S: (P, 
T, X, Y, Z) *»b^5, 
15 x-i?^^^® ( 1 ) 7 ^v(F 

1 ) i: UT^mT'#5o 

•r-^'ia9«]f^^i§mP 2 : L< H:. r <^>-i^Ox-^ d 
20 (i) d (i) 5r*<fl:i: LT. A;'3 7='-:?ffi^^i' (2) 

or)cfi(^7j— ^ga^^ijD AT A_AR R AY^::^J^fl$i^5« s 

x-^d (i) (i=l. . . s) Srm^bfc^f'-^J'ia^JD 
AT A_AR R AYIt ( p X s ) © 2 ^kTcffi^ J- 5 . 0 3 , 

m 4 ro^fy-eri s = i 4 , 0 5 ©fifn-^f* s = 1 5 , 0 6 (om-vti 

25 s = 5, 0 7 s = 2 0 -^fe 

DATA ARRAY 
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1 4 

d ( 1 ) = ( X 1 1 . X 2 1 . . . . . X p 1 ) 
d (2.) - (xl2, x22, . . .. . xp2) 



d ( s )' = ( X 1 s . X 2 s , . . . . X p s ) 

6 x-i5'@a5?«Jf^fi&#©{i, x-t5'SB^Ji^fi£::^D ^7 A (F2) 
t LT^m-e#5. -fib. T^-^^'Sa^JD AT A_AR RAYS: 
^ i: fi^pJ^c■T?rt:*V^. t'-^Wl^^Wl (1) •e«i# 

Lfcx-^' srEst-^i^ h/i-!^^j&.n^m (6) \cmz>^M^ 

10 

. c ic^g|IS:/pj/9Af^fife#e (3) 

(P 3) : 

1^) ffi<^^&§i^i N (1) . I N (2) . . . iijiufje:^ 

J:orS>5i5o ^^a^T'ni/^ Af^^^i^tt, 
iK<^A:^§II& IN (1) I N ( 2 ) Sra*^t>-ti:"C — 
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I 5 



u A g = I N ( 1 ) 



I N (2) ^^mx*ti. 



10 



^ it gil^: 14 IS: § I ife ® it ^5 1? o 5 



15 



c 0 = 1 
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• (5~ 


0) 








o (IN C 1 ] 








g 1 = I 
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(1) 






• • 


• (5- 


1 ) 


g 2 = I 
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(1) ' 








. (5- 


2) 


g 3 = I 
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(1) » 








. (5- 


3) 


g 4 = c 


o 


s ( i N 


(1) ) 




• • 


. (5- 


4) 


g 5 = c 


o 


s (2 • 


IN (1) ) 






. (5- 


5) 


g 6 = s 


i 


n ( I .N 


(1) ) 






. (-5- 


6) 


g 7 = 8 


i 


n (2 • 


IN ( 1 ) ) 






. (6- 


7) 


g 8 = I 


N 


(1) • 


cos ( I N .< 1 ) ) 




. (5- 


8) 


g 9 = I 


N 


(1) • 


sin (IN 


(1) ) 




. (5- 


9) 



20 



25 



jg^g||gi:^5 2 O (I N C 1 ] . I N [2] ) -CfcS^ : 

g 1 0 = I N ( 1 ) • I N ( 2 ) • • • (5-10) 

gll = IN(l) - cos (IN(2)) (5-11) 

gl2=IN(l) -sin(IN(2)) (5-12) 

gl3=IN(l)2-IN(2) ..•(5-13) 

. m^m^H^S^ ( I N (1) . I N (2) . I N (3) ) X 

hzm : 

gl4=IN(l)-IN(2)-IN(3) 

...(5-14) 

^^5lfC}i5 4o ( I N C 1 ] . I N [2] . I N [3] . I 
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16 

N [4] ) T-$)5M : 

gl5=(IN(l)-IN(2))/(IN(3)-IN(4)) 

• • • (5-15) 
gl6 = (IN (1) ~IN(2)) • (IN (3) ~IN(4)) 
6 •••(5-16) 

&.T<om(onmvn. mw^e 0 . gi. g2. gs. . . a. 

W <^ «> ;^ tt © t> © -c 6 • 

10 D mmmm^m^m {4) tmmmm^&mmu ap 4) : 
mmmwcmmmnp 4 :mm.mm^m^st (4) li. 

Igc^p^y Allpi^y (3) 7i>fe#^<Dii:^lilS:g k^m:e-r 
SllfS:l&^/-«7 P« k t (m=k) , k-V^&^ti^W^^m 
Igcg k <J3 r ««)<D{Rc?3gt6:§l»: i n ( r ) l^xri: 

t::^m-t^ (mu^i&M^ (g 0) fci±. mwc^iiknm^ 

N ( r ) |cf^A$ttS'<tS?^iSI^)d5^'5it5l^li. ^ 

20 mmmWc f W:. SJ£liS5£IIBa3?IJB F_ARR AYlC«r««l§ 

.«^x«c — m^AJ^x-iS' d}65S5ti:|EI^ (x 1 . x2. x3) 
(DMd^bJ&SNf. ^ScHS:, iiS:x 1 . ilScx 2, §11^ x i • 
X 2 , Hlgc X 1 . X 3 . gilg: ( X 1 ) US: ( X 2 ) ^ 

25 dxi/dx3 \!in!^^'t^mmmwi\-i. m^mi^-f^^v a & 



wo 99/32992 



PCT/JP97/04732 



1 7 



B F_ A R RAY 
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I N 


(1) 


= X 


1 




X 1 « 
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= X 
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= X 
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X 1 - X 
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= X 
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= X 


3 




X 1 « 
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= X 
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X 2 « 
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I N 
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= X 
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d X 1 / d 


X 3 
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1 4 


I N 
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= X 
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I N 
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= X 
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15 










I N 
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= X 
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I N 
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= X 
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Sjegi«c^g6¥il: (4) tt, SJ£M»:«:^aii-S7'ot/9 A. 
•k^^X^tLV r ^ (F 4) feSVNf4Jta$HfcSl£»»:«r» 

20 Lfcpf ^ y i LX^SX'^ -So 
5) : 

25 (5) li, SjSfflic^^^s-e^^^ixfcgjitH^wtf^d^bjl 
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1 8 

5 <DX'hi>, 

#1) p«x*+q*y'+r-z*+a«x-fb'y + c'z 
+ d0+dl't+d2-t*=0 •••(6) 
10 #2)a'X + b- .y+c'Z + d- l= 0 •••(7) 

#1) ft4tn*ffi±<051®i-^fooT. 
$}55i^r^ t o 2^^Sfc'e^{bu■cv^5^x/^-e*)5o '# 2) f± 

HfdSdT?, 3^i^^5fe365 (a, b, c) xh^'^^fy^xh^. # 

15 1 ) i: # 2 ) <Z)p^3^i5^^SEi-i^tf:. dtfvyto^ ^-f^y K<0|*. 

# 1 ) ©@^t;i«U!fc<^>S0Sil^©i& ( f 1 . . . f 9) 
20 C F ( 1 ). 

. T' n A I N ( 1 ) 
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1 g 



f 5 = y g 1 y 

f 6 = Z g 1 2 

f 7 = 1 ig 0 - 

f8=t' gl t 

6 f 9 = t « g 2 t 

# 2) o^^li:{4jJco5/£li»©a ( f 1 . . . f4) 

C F (2) 

-fu I N { 1 ) 

fl=X gl X 

f 2 = y g 1 y 

f 3 = 2 g 1 z 

15 f 4 = 1 g 0 • - 



3 oj£©?^4^©A;;^7*-25' d (i) is^. o^SrS^Pi-fS 
(r. e) -e«$ttTV>5 t -rSo Z.<on. SOJg^iSr 
® 3©?^^^ (d) . (e) . (f ) -CiSia-rS #?^<fed. 
20 e , ffi@3 0 (g) {C#i-J: 5 r = r (0) ©?g^T*^!» 

. #l)r=a + b- fi + c- e« 

+d'cbs0+e*cos2O 
25 +f*sin0 + g*sin20 

+ h- ecosfl+i-0si.n9 • • • (8) 



\yO 99/32992 PCTAIP97/04732 

2 0 



f 1 













m^(Dm ( f 




0) ^ms 














C F ( 3 ) 








• 






6 










I N (1 ) 




f 


1 = 1 




g 0 


— 




, f 


2 = e 




g 1 


e 




f 


3 = fl « 




8 2 


e 




f 


4 5= c o 


s e 


g 4 


e 


10 


f 


5 = c o 


s 2 e 


g 5 


e 




f 


6 = s i 


n 0 


g 6 


e 




f 


7 = s i 


n 2 6 


g 7 


e 




f 


8 = e c 


o s 9 


g 8 


e 




f 


9 = e s 


i n B 


g 9 


e 


15 


f 


1 0 = r 




g 1 


r 



20 



Wi'^mmj^ (x, y, z) l::*JV>T. «^^tf.^k©li#.:55iisbo 

x + a0 + al't + a2-t*=0 ••• (9-1) 
26 y + b0 + bl-t+b2-t'=0 ••• (9-2) 
z + cO+cl -1 + 02-1 *=0 (9-3) 
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2 1 

CF (4) 

y D A I N ( 1 ) 
fl=X gl. X 

f 2 = 1 g 0 - 

f .3 t -g:! - t • • ,. 

10 f 4 = t » g 2 t 

Z/XY=K0+K1 • P+K2 • T+K3 • X 

•••(10-1) 

20 KO-XY + K1^XYP + K2-XYT 

+ K 3 • X » Y - Z = 0 .-.(10-2) 
Jfc^Sl^fJlMlSi-SSJiEiilgcOffl ( f 1 . . . f 5) 

fl=X-Y, f2=X-T^P, f3=X-Y-T/f4 = 
26 X 2 . T . f 5 = Z 
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2 2 



C F ( 5) 

SiEBSIS: m^^^k ^Wc3\fk 

•^xiif7J>> IN(1) IN(2) IN(3) 

f 1 =X Y g 1 0 X Y 

5 f2=XYPgl4 X Y P 

f3=XYTgl4 X Y T 

f4=X*T gl3 X T 

f 5 = Z g 1 Z 

10 j^i^m Lfc7 T-f/^ (F 5 ) Rxj^y-^tzftm^wc^ 

t X- t 5. 



15 



6) t5J:tJ«'<.^' h^Vfig^ga^ll^^y (7) : 
( r ) i:im^mikx j <^^&x j i Jj^iifen, ^ L-C^<OlS:^ii 

O 7^- ^ ia9»J D A T A_ A R R A Y e> teSI $ tu 5 

25 I N Al::, Sa^jD AT A_AR R A Y i> fj 7 p« — ^ i St-X 
-ff<Dmd (i) i5i||?,it5 - iiS»* UV^. 
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2 3 

Cm] iZ.ti. in#B©S*fgii:xm©ii£xm i ( i = 1 . 2, 

• 3. . . ) tm^m^ii^^^\^-t^. m^t£d^ (x, y, 

Z, P, T) la^lj I NA [1] . IN 

5 A C 2 ] , I N A [ 3 ] , I N A [ 4 ] . I N A [ 5 ] \Ctt, 
^tb^HX, Y, Z, P. T<Z)x-^' Srl&i^-rSo SfeJ::. £ 

N (m) Ort^Srr OSB3?IJg^ I NA Cm] Sr^LTieilUT 



10 


mx.t£m^-i^(OC F (5) (DX, Y, Z, P, TSr^l^§l 




i&k-t^mwn f 1 


(=XY) . f 


2 (=XYP) . f 3 (=X 




Y T) 


s f 4 ( = 


X'T) . f S 


(= z) f±?fe© J: 5 i^mm-r 






C F 


(6) 




15 
















I N ( 1 ) 


I N ( 2 ) I N ( 3 ) 




f 1 


g 1 0 


I N A ( 1) 


I N A (2) 




f 2 


g 14 


I N A ( 1 ) 


I N A ( 2 ) I N A ( 4 ) 




f 3 


g 1 4 


I N A ( 1 ) 


INA(2) INA(5) 


20 


. f 4 


g 1 3 


I N A ( 1 ) 


I N A ( 5 ) 




f 5 


g 1 


IN A (3) 





mm I liAizmm-r^ t . ±Bmm i n a*^ lt, sss^ 

f k (Digit §1^ I N ( r ) \Z1E LV^S5^cig^x r }ftSil|f>tLS, 



^mmm^(D^mik^\^ i n ( r ) j <^iiLx j. i 
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24 

fiF k i ;5S#e>iLS. giScltF k i ri^^ h/l'^^E?«JVC_ 
AR R A Y^^:^&^$^^^5• Jfc*5±-COd (i) lCOV>XFk i 
Sr*ae)« r i:l4^nr^"e«:/jC< . d ( i ) © jfc;6>0-SP© o 

m^ti. d= (X, Y, Z. p. T) t?S>5»-a-, INA{C 

d (5) (Dy'-^iimm^3^x\^^f^. d^o^iom^'&i^i^m 
1) <Dmmm^f i=xY. f 2 = x v p. f 3 = x yt. 

10 f 4 = X 2 Y. f 5 = Z <DmF 15» F25. F35. F45, 
F 5 5 liJSfe© J: 9 LT**btL5. 

1 ) A;^^ifc.ga5iJ I NA [ f ] I N [ r ] -^Ofe 

m: 

INACl]=X5-*IN[l]=X5. 
15 I NA [2] = Y 5^ I N [2] = Y 5 . 

:INAC3]=Z5-»INC3]=, Z5 
INAC43=P5-*IN[4]=P5 
I N A C 5 ] = T 5 I N C 5 ] = T 5 

20 2 ) ^mmmw^<Dm^m<r>^n^^ 
F 1 5=xY = glO (X5, YS) =X5-Y5 
F25=XYP=gl4 (X5, Y5, PS) =X5 -YS-P5 
F3S=XYT=gl4 (X5. Y5. T5) =X5 - YS - TS 
F45=XiY =gl3 (X5, Y5) = (X5) »--Y5 

25 F55 = Z =gl(2) = Z5 
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25 

<F1 i. F2i. F3i. F4i. F5i) 
7WRg^Kl#-5^o AS:ftjj^Lfc7T-r/u (F 6) t LT^m 

5 

i l:i»JS-r5iiii[fiS©m (F k i . F k i 

F k i ) Sr — o© q2>C3C^^ h/i'F ( i ) rttb® 

b/WF ( i ) ( i = 1 . 2 . . . . ) tt, q9»i«> 2 J!k5cga 

10 ^ h/U^^ia^JV C_AR R A Yf±'<^ !• /WfiK55-l2^J> * y 
(7) ffi^VC_AR R AYSr^i- ( s 

VC_ARRAY 
Fll F2 1 F31 .... Fql 
15 F12 F22 F32 .... FqL2 



Fls F2s F3s .... Fqs 

G ;^|&Jsfe^Sl#^© (8) t:^t^#K^#iiS (P8) : 

VC_AR R A Y^r»iW$nTV^5^^ H ^l' F 

=?T^1 ^ 055^ H ^ Jfc 5 VMifT^J <0 @ ^fil % ffl V^ T 4^ * 5 o 
25 Gl jSi!H^S:ffiV>5l&-a- : 
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26 
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fT3?iji?:ga3?ij?^^^¥© (8 A1) ^m^fi^n^m (sa 

2) ¥S^}^^th^^^ (8 A3) t. wmmn^^m (s 
5 A4.) t. :^[^^^mti^m (8A5) 35^e>«:5, 

nm^mnm^^m (sad vc_ARRAYA^e>/fc 

M(0 <im(r>^^h/l^i:mXJ^. ( q X q ) (^ff J^i^SrJI^^-f'S. 

. 'esixJlqMO'<^hyui:U-CF (1) , . . . F (q) t:mA^ 

10 tzf^s ni^i^nik<oxo\z/i:^^ 



15 



Fll F21 F31...Fql 
F12 F22 F32...Fq2 



Flq F2q F3q 



F q q 



— (11) 



5feH^t|-3f^s: (8 A 2) ±nnn^<o^n (Hsfr) 
^cov^T/^^taaI^A si>As2....Asq tr^Hi-s. 

# ^)i^fc/^^f ^JSCWM A s k (- 1 ) ^ (k+r) Sr:a*Jtfci[ 

( L 1 ) 2 + ( L 2 ) 2 + • . • + ( L q ) » == 1 • • • (12) 

¥c5«Jg:^thm¥® (8 A3) ft. ±|^/^^T^J^a^b^ffi-S 
25 li^p I SrH-^-t-s. ¥ffiS^#P I fi. #lliDtc|fteg$tt-C 
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27 

w-m^m^^m (8A4) a^mmmm^n^sc (sas) 
^ffl d p 1 7i^ifo7ii^i:mmi-^o ¥®Jrm^p I <Dmmm.p i 
6 riv ffa?ij3S:ge^j0^*s (sad TJitfnfc^^ h/K^^rsJ^ 

( 8 A 5 ) {^±l2^H^*:/ttt^tL©¥i^^iL< L 1 >. . . . 
10 < L q >S:J5'|^^^i LTW:^$*5ft#S:2IS. 

^fSffiitJpJ^^S (8 A4) ic, -M-^EIcmW^ttTV^S J; 5 

d ( i ) ©iS||*5^^?;iv^;::i;6s^5■}i>o•tv^5^^tt, £>|it:: 

iSCi:. ^^h/VF (1) , F (2)\ . . . F (q) OfP5 
20 LT^9 w i t> PrigT*.5, r<^«#. t& <fc W: T U 
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28 



x0i0kXh^:L tT!>^H^G\zmm^fix\^^^o ^^xmm<D^ 

@#^S^ffiv^5^i^^!£^##^ (8) ^>b»*tv^^ 
10 mmxti^ fflllfttf^^Jt (8 B D.i:. @^«£th^¥© (8 
B2) m^^^ h/i^f}rW^St (8B3) 3&>e>>5c5. 

*Bilfiltfll#S (8 B 1) f±-<^ h/V'fig^aB3?1JVC_ARR 
KX(n>rf— ^ (O a .( a = 1 . . . q ) # S <0^% Fa i t b 
15 B (b = l. . . q) OSf^F b i WgfO^-CfcSffiBiSK a 
I b >SrH-m'rS (frf^ (F 3) . (F 1 7) ). o #e)tbf:iffi 
li^ttffigi^fT^iJC i: L Tallin Sa^ajc 0_.AR R A YlC^fr 
iW$tt5o -r*iP"^gB?JJCO_AR R AYO a ff b J^IHctt^flgi 
ft<a 1 b >;6S|&*fi$tL5, T Ic gi ft ff ?IJ C 5: ^j^ -f . 

k 1 I 1 > < 1 I 2 > . . . . < 1 I q >"\ 



(13) 



<q|l> <q|2>. ...<qlq>j 
25 

awMth^^s (8 B 2) ti^agiftia^iT•fpe>^^5ffiBlfil^T 
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2 9 

5 Itlg^® (C OMP) $:ffi V^T^(Otr';5*e>0f^ffi>l o<fcf 'J^^ 

RACES) S^fflV^T±ia*¥:frSS;i6*b t »i<D h i^-^ t r 
ace ( t ) ^:t^mL, #«S:?f^^^® (POL YNOM) Sr 

fflv^-c±l^*^3^m5^s^ ( - X) T-Jira -tr n^sthjiE^s (z 

10 ERO) ^ffiV^T. EFbT CO. ;i o3 <^if nvfeSr*it>6 i: 

:^]^^^mn^mti. (Gi) ifcii (G2) {ctJ^.o-c:;&i«n 
sfe 3£ Sr Ife # -r 5 ^ IfiJ 55^ 3£ ^ # y p 7 A ^ t& Ifl L fc 7 T -r yi' 
25 (F 8) t LTHS-etS, 
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30 

ttSrl?fiBi-f-'5 (P 9) . 

t^nxmm^^. mmm^w^\zx «3^*5'<#T'*5. i^^i^ 

iS||35S/J>$VM^ttf^^^f/j: A r e f $ b < 51^ t iX 

T e { < X o) . X T e f < X vh^wi^mx ji^«i-r5o ;i 

P 6 CMoTMOx-t^' a (i) ©m*^V^TI^ tigS^II 

(P 5) tMD . »lo«IMia:^Wii^Sr^«f&^6«Jii#il^^ 
© ( 5) L. (6) T-<^ hJU^ 

20 -r^^Lt sr#»? s-r. 

^MSi:^WBi^:55^< ^^il-Ct Tiv^^fi. 7*-^ d (i)© 
^ & 5 V > f± (o fg: ^ 65 §1 ^ % ^ ;i /j: ;js p> ± © g t: ^ fT L . 
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3 1 

p^T-t. mm^^^mmmmmm. (p so \^mi£^mttii\^o 

^^14^0^© (9) ft. 
:J^7ASrl&S^Lfc77'r/i' (F9) iUTHia-etS, 

10 I Wi^^m^mti^Wt (10) tSc^6«j§i«ffl;^iiS (P 1 
0) : 

igi:^6«iii^tti:^iggp 1 0 : ^^^mm^wt ( 9 ) -c^^-e 

■rS^^lRjjfeSAS L k (k = 1.2. . . q) -Iffcai^. 
. q 

2(Lk-fk)=0 •••(14) 
k = 1 

20 mx.^. ±oM (CF (5) oiEofc^6«iii^# 1) 

^IS^S (LI, L2. L3, L4, L5) #e,4xfcNFf±, »: 

Ll • fl + L2-f2 + L3- f3 + L4' f4 
+ LS-f5 = 0 •••(15) 
26 CF (5) {Cit), fl=XY. f2=XYP. f3=XY 
T, f4=X»Y, f 5 = Z •CS>5<^>-C. JJc^J&^tH:^ $n5. 
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3 2 

LI .XY+L2-XYP + L3-XYT+L4-X«Y 
+ L5-Z = 0 •••(16) 

10 JSJ^Btt. ASr^iN^uyii^r'l'/^ (Fl) 

7W ( F 2 ) i . f^fig $ tLfclS^raiS::/ n ^7 A t * 

Ufc7T^'/^ (F3) Sj£§ilg:«r*&lflUfc;<-=ey *»-J:tJ«/ 

4.) ts U(ommm^i^m^im^i-^:^^^y -^^^^^f^ 

yy^A^ (F 5) &t;«/*fcW:^Mi!:^W8i«i: l^tSiSHfc 

Lfc^T-f/i^ (F6) ;^iRj^^I&#yojJ^9 ASrfiUflUyt 
.20 ^r-f (F 8) i:. ^ate^ffi:/Pt/7ASr^Si&^Lfc7rW' 
yU(F9) IS^Wgi#m^yn^7ASr*&^ tfc7r-r/i' 

(F 1 0) r.tbbo:/n^^7 ASr;:®e^Sa^"t?lftK tfci 
5 tw«l|g$*S«!llNi:/ot/7i.Sr»*»ibfc7rW'/i' (F i i) 

25 
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3 3 

10 

B mmf&>i^(oi^^^m^^\:Lm^'rimmtx.xmmxt 

15 ii^a3(^^«Jffi-x?#5, 

i L -C . =^ /V 7 T >^ -< ^^-r 6 O =f yi^ 7 ^ 7 >^'^ 

20 c m^v''-'$'<om¥fmmi:Lxmmir^^tfi^x^^. 

m ^ S -e 12 $ tt 5 r - iJ' 35^ e> ^ 5^ :^ a ^ iS: ^ * 5 - 
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34 



T^mm-va^^mm^^&mM^ ft (k = i. 2... q) 
*it^ufc^. ;^:fi7'-^i:> m0.mwc (f 1. . f q) t-q 

-rS'^^ h/u:dS5jZ® S:Jg^i-5 t ^ . -e©iKOlS[^6«l§i^365fife 

MxWr. 2|Egic (x, y ) OA;^7'-iJ' ^ U-C d ( i ) = (x 
( i ) , y ( i ) ) ( i = 1 . . . ) 55^^:^ ^iJT'- (x. y ) 

16 a-x*+b-x+c-y + d- l = 0 ••• (Al) 

Z(Of^. (x. y) ttSS[#>iaX'fcS. L)5^b xl=x«. 
x2 = x, x3 = y. x4=w. .(w=l) tm^M^-^^^^ 

a-xl+b-x2 + c- x3 + d- x4 = 0--- (A2) 

A — 1 ••♦(A3) 

20 x4 = 1 vxvv,/ 

^rX' Cx 1 , X 2. X 3. X 4] ^-<^ h/U^^^il-rS 4 
;j:5c'^^ h/UP[xl, x2, x3, x4] i: ^ d ( i ) 

KMJ^^-t^j^.P (i) «:> r©#&TCM* (A2) 
mit. (A3) <^SI£i-S¥®2 0^^^±J-^§-t5o - 
25 1 (0:&[^^^<Oitti ( a. : b : c : d ) T-fcS, 't-'fc*? 

. ■h^^Wi<om^<Ott (a : b : c : d) tmCXh^, bfcJJ^ 
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3 5 

10 UTI^^-tS. 

36*e><^S^O«$ (^nSlft^s-^o *fc«:Ff^fiSJ: 9 /^$v^sp 

20 B <^^^C7C-<^ h^i'2g^©¥ffi> 

rspEj t tt, q^TC^^ h/uara (x I, X 2 ... X q) 

tctJVNi:. L 1 L 2 . . . L qS::£»ti-«^> 

Ll-xl+-'-+Lq'xq = 0 (Bl) 
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36 



5 y ( t ) = c 2 • t * + d 2 • t + e 2 • • • (B 3 ) 

wOl^. SjSilfCx l=x, x2 = y, x3=t«.x4 = 
t » X 5 = w (w = 1 ) iS55S-<^ h/^Sra Cxi. X 2 . X 
3. x4. X 5] i©Bl^t4»:«) 3 oO^S^aT-^StL 

•So. 

10 a«xi + cl«x3 + dl«x4+el«x5 = 0 
b-x2+c2'x3+d2«x4+e2-x5=0 

. . X .5 = w = 1 

c <^m=f-bisH^^(omu> 

20 q iS>:7G^FBl<^ qi@W^^' h/l'F ( s ) = (F 1 s F2s ... 
Fqs) (s=*l. 2. , q.) b^M. (Q. . . • 0) q 



X ( t ) = c 1 • t 2 + d 1 • t + e 1 



(B 2) 



F 1 1 



F 2 1 



F q 1 



F 1 2 



F 2 2 



F q 2 



25 



V = 



(C 1 ) 



F 1 q F 2 q 



F q q 
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37 



10 



15 



20 



25 



(i).d(2).d(3) icn^t^-t^mmm^ff^m (f 1 1 , 

F21.F31)> (F 1 2 . F 2 2 , F 3 2) . (F13. 
F 2 3 , F 3 3 ) \ZMJt^-r^MP 1 , P 2 . P 3 tmM. ( 0 . 
0 , 0) ;5S 3 2fe7c2Srart-ef^5¥tf Eg®«:*5 i ^m^i^hiiti. 

Fll F21 F31 
V= F 1 2 F 2 2 F 3 2 =0 
F13 F2 3 F33 

a; (c 1 ) <ow-m<o:^u^nF ( i ) v f (2) . . . f (q) 

^F^<Z)jS^|g^ (x 1 . . . X q) {c»irtfe^ytff^J^i UX 
^$tL5 ;i :ds^ btLXV^5o Mxfis F (q) SrSOf-tH* 

(xi x2 .... xq ) Km^t^^^ nm^^^^<'r 

:5fc*lc?= (q-1) t fe< i.^<^¥®<^:^^^»*^<^^T 

Fll F21...-.Fql 
F12 F22.....Fq2 



0 = 



(C 2) 



F 1 z F 2 z . . . . . F q 2 
X 1 X 2 X q 

Jis^ettS ( A q k jt/htr^l^. s (q, k) it^i^m^) . 

0 = s(q, l)*Aql*xl 
+ s(q, 2)-Aq2*x2 
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38 

+ . . , 

+ s(q, q)-Aqq-xq •••(C3) 
s(q. k) = (-l)''(q + k) ...(C4) 
sfeH^B q k ( = s (q, k) • A q k ) V^ 5 i: ( C 3 ) 

0=Bql'xl+Bq2'x2+. . . +Bqq«xq 

... (C 5) 

10 0=?Ll'xl+...+Lq'xq •••(C6) 

L 1 : . L 2 : • • • : L q 
= B ql:Bq2:---:Bqq •••(C?) 

16 ^ 

: nm (j) (j=i. . • q) ^ 

1 : L 2 : L 3 : • • • : L q ) ri-^-CfeS, fT^J^V= 0 
20 ffaajiSiVi? 0 © t tfi. h/l^F (1) . . . F (q) 

^<omig¥Bffi-ittv>3&>Sr^-rig^p 1 5S5ff^®ffi dp n-jfo 

J: t) ^fiho^^ 5¥®-t«3Jfc5 35*«r^J 
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39 



10 



15 



(l^7C-<'^ hJi^^f^O^^ hJi'F{k)^iF I k F2k.,... 
F q k) ti-5^> h F ( 1 ) . . . . F (q) 

tmj^ (0. . . 0) }5S^-©5Fffi{::$>nti. F (1) . . . 
F (q) 35Sf^5ff3?IJS: I F I ri-^p-e&S : 
Fll F21....Fql 



I F I = 



= 0 



(D 1) 

X q ) 



Flq F2q....Fqq 

r. 1?— oo^^ h/^F (m) Sriei^ (x 1 
i::tt#«^fcB*. (x 1 . . . X q) lc<>VN-C(^^H^ 

SrL 1 (m) . L 2 (m) . . . L q (m) t-fS fc'. "t-Tfir 

Ll (m) •xl+. . . +Lq (m) •xq = 0 

... (D 2 ) 

m^itm^ii'^ ( (L 1) » + ; . . + (L q) M 

20 N • S • L 1 (m) • X 1 
+........... 

+ N • S • L q (m) • x q = 0 

i" t> ^ h /^ F ( 1) . . 

25 N • S • L 1 (1) = . . . = N 
N • S • L 2 ( 1) =. . . =N 



... ( D 3 ) 

F ( q ) 34S|^ — 0^ffil-*> 

S • L 1 ( q ) 
S • L 2 ( q ) 
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4 0 



N • S • L q ( 1 ) • • =N • S • L q ( q ) 

h/^F (1) . . . . F (q) d5iE$|t::H:P- 

6 N-S-Ll . . =*tN-S-L1 (q) 

N-S-L2 . . *fN-S«L2 (q) 



' N • S • L q ( 1 ) ^ . . . if N • S • L q ( q ) 

^ffiHrit^P I tt. h^l'F (1) - . . F (q) iS^© 

(0) <O^I±l¥Bnt?fe?)> PI^PI (0) <^l^tt'^®J-'£ 
V^i:2|5J»f■C# 5 J: 5 m^P I tt:^I«I5feSL j (p)<^)IIIS 
-efeo-C5^!Rl^3^©lfcj5Sifilttt{iiav^«ir#^'^S2|6^SP I 
15 (0) («8Jx:tfP I (0) = 0) fciS-f < L-C^a^rSo J 

— 0y^tiN • S • L k (m) ©5p^^ig^< L k > x N • S • L 
k (m) O^*l,)5*f)<0(i^Sr d L k (m) , ^tl«?-!fe¥^m 

^eitJi. N-s-Lk (m) - <L k >(DmMm<o]^xm^ 

20 M (m) t M (m) OS:^ <S:M ^ "T S i t . P I =Mt ^ 

^ i:%-et^So PI. PI (0) fo^^ti. xliwa*. 

^ 6«) S S J:: ffi it ^ * 5 - i: 34* ^ ^ • 

<i:^(D-<i^ h/WF (1) . . . F (q) ;i-e)^i=e>tLfcii^P 

I tmmm^ i (o) <7)iio^*nii i p i - p i (o) i 
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4 1 

<Li>- . . <Lq>S:^-<^bA'F (l) . . . F (q) 

d ( i ) <bS!l^lft|ld5/h v^ r i: )i555-:6^o r S i t H:> 

m^i-i. m^f--^ d ( i) = (xi.yi.ti) t^mm 
mi^(DWiT^<om.m-(:\ (x i, y d t^^umm (x, y) (r> 

x + 2- t + 3- l= 0 ••• (El) 

y + 4- t'+5*t + 6«l=0 ••• (E2) 

r©7*— ^'d (i) iJloV-^T. xl = l. x2=t, x3 = 
15 .t«..x4 = x. x5 = y tV^5SJSgal&Srf^•5. aS^r-^? 
d (1) . d (2) . d (3) , d (4) . d (5) O^^S: 
5 ^Tt.^^ hJl^^m [xl, x2, x3. x4. x5] l^W^ 



p 


(1) 


= (1, 


t 


1 , 


( t 1) 


2 

> 


X 


1 . 


y 


1) 


p 


(2) 


= (1. 


t 


2. 


( t 2) 


2 

» 


X 


2 , 


y 


2) 


p 


(3) 


^ (1. 


t 


3. 


( t 3) 


2 

t 


X 


3 , 


y 


3) 


p 


(4) 


= (1. 


t 


4 , 


( t 4) 


2 

f 


X 


4. 


y 


4) 


p 


(5) 


= (1. 


t 


5 , 


( t 5) 


2 

t 


X 


5 , 


y 


5) 



^>i,6>03-<^ h/vp (1) . . . p (5) <Dj/^inn^<o^ 

4^l\CMl$^ir^^bnn^Al A . A2 4. A34. A44, A 
5 4 5 5IJ»C*|-fi;i-5W>fT5>J^A 1 5 . A 2 5 . A 3 5 . 
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4 2 

A4 5,A5 5fi, (a). ( b ) O P# Jj^fig iC-r S <^ t? . ^ 
i^^^X-h «? , d ( i ) (1 4 JJC7n'<^ h/W^Pfll [ 1 , t , t 

ilD^T'-^ d ( i ) o£jSglii: ( f i . f 2 . . . . f q ) 

q 25c5n2SP^<^¥®©^[Sj^g£ (LI. • • Lq) fiCKO^ffi 
20 \^mm.Xtt^mi^lXh^(OX. q2k5c^Fp1©#^P i (Fi 

1 F. 2 i . . . F Q i ) ;0>e> ;iOiFffi'^0^^<^S^ h ( i ) 

Ii:^l«njfe32i: P i OrtSf< (L J . . . L q) • (F 1 i F 

2 i . . . F q i ) >t b-C^$ tbSo 

h (i) =L1-Fli + - • •+Lq-F.qi 
26 . . . (F 1) 



WQ99i32992 



PCT/JP97/04732 



43 

H=2 h ( i ) » 

= 2 (Ll-Fli + - ♦ •+Lq-FQi) ^ 

5 

q q 

= 2 ( 2 (L a • L b • 2 (F a i • F b i ) ) ) 
a=lb=l i 

• • • (F 2 ) 

^m^< a |b>=2 (Fai - Fbi) • • • (F3) 

q q 

2 h ( i ) 2 = 2 ( 2 ( La • L b • < a I b >) 
15 i a = .1 b = 1 

• • • (F 4 ) 

Li(i.2.,.q) ti:^\^^mxhz<r>X'. ^(ommt^ 

( L 1) «+ . . . + (L q) 1 . . ♦ (F 5 ) 

20 ^{<t^ (F5) <Dii txmm<o^:^(D-mmh't:mA-^izirz 

Xtt. mK.\t2^^ (x, y) <D^. (x, y) = 0(D 

iitx. t (x. y) ©fii#[^3}efe W0KicF (x, 

25 y) = f (x. y) - a.-g (x, y) Srf^lJ, dF/ax = 
0. aF/3 y = 0, g (x. y) =.0 35*6, X t x t 
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4.4 



^(ofsimi^. LI, . . L q Srigiti LTii^-rs, 
^fiffiiaiScF (Li. . . . Lq) ^xfeosi-ej^^i-s, 

F(Ll.;.Lq) 
5 =h«-a.-((Ll)«+---+(Lq)«-l) 

... (F 6 ) 

m^Ll. . . Lq-e^fifiH^F (LI. . . Lq) Sr^&^J" 





/< 1 1 


1 


> 


< 1 1 2 >. . 


.. < 1 i 


q 




IL 1\ 




/L 1' 


10 


<2 1 


1 


> 


< 2 1 2 > . , 


. < 2 1 


q 


> 


L 2 




L 2 


















. « 


= X 






i<q 1 


1 


> 


< q 1 2 >. . 


. < q 1 




> 


\Lqi 







• . . (F 7) 

<l|l>-a <1|2> ••<l|q> 
<2|1> <2l2>-i..<2|q> 



20 



< q I i > < q I 2 > 



= 0 



. . < q I q > - ^ 

. . - ( F 8 ) 

XmK^Z^-t^m^^^ ]>/U(Llm. L2m. . . L 
qm) ti-^t. l6<<om^i>^l^^ 
25 H = 2 h ( i ) « 

= 2 ( L 1 • F 1 i + • • • + L q. • F q i ) » 
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10 



4 5 



q q 

= E ( £(La-Lb»S(Fai-Fbi))) 
a = 1 b = 1 i 

q q q 

= 2 La-(2Lb-<a|b>)=SLa-Xm-La 
a=l b=l a=l 

= A. m (( L 1 )« + ,.. + ( L q )«)= X m 

• • • ( F 9 ) 

(i) fi:W-M(D±(Dh . Xmi>\3i\t'^oiZ^Lffflt£s'<^ 
hJi^j^P ( i ) ti.h^^m(Dj5:m(0'i5:< {r^J-^ b■CV^ 5 r <!: S: 

Ll*fl+L2-f2+----+Lq-fq=0 

. • . ( F 1 0 ) 

25 m^ti. A:^T-^d (i) iSfHIJ: (t. x. y) oM^T* 
*>5ti-5. ;i<Z)®^, [t. X, y] ©x-^'d (i) 
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4 6 

(O^iSi L t-^x 1 , t«-»x2, l-»x3, x-*x4, y->x 
S] ^ S^fcx'^^ h/l^agra Cxi, x2. x3, x4. x53 

6 2-xl+0'x2+5-x3+l»x4+0'x5=0 

• • • ( F 1 1 ) 

0-xl + 3'x2 + 4- x3 + 0- x4 + l- x5=^0 

. • • (F 1 2 ) 

.. r ;i T- . ( 2 . 0 . 5 . 1 . 0 ) . ( 0 , 3,4, 0 , 

10 1) tc. ^n^ixtJim^fliH^N 1 . N 2 iJ^-lFO^SS 

N I = ( 2 - 2 + 5 • 5 + 1 • 1 ) - ^ ^ ' 
N 2 - ( 3 • 3 + 4 ♦ 4 + 1 • 1) - * ^ * 

16 2-t + 5 + x = 0 ...(F13) 
: 3-t«+4 + y = 0 ..•(F14) 

aa^x-^ f-fi^^oft SigJ^Ji^fc S#'^*^*>S, «!9:ifiil!l 
^y'—if d ( i ) ;6S^^a?iJx-i? -Cfeot, *v^x-^'lw«:fi 
20 :^i:fl^^ < tX. S3£(07^-^tc«cM^S::^c# < bT, 

25 m^U^LItX 0 iZ. tlT^HTC^VSiO^^P i I i F2 
i. . . Fq i) 05Fffi^<^SililOft$ h (i) tt:^!*! 
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h (i) =Ll'Fli+---+Lq-Fqi 

. . • ( F 1 ) 

5 W i • h ( i ) =W i ( L 1 • F 1 i + • • ' L q • F q i ) 

. . . ( F 1 5 ) 

S^trffrtifcSllwg^ h ( i ) (OiLm(O^H}ii. ^<o^X' 

H=2Wi2»h(i)* 
10 =EWi^ - (Ll-Fli + ^- -+ Lq-Fqi)^ 

q q 

= 2 ( 2(La-Lb-SWi«-(Fai-Fbi))) 

a = 1. b = 1 i 

. • ♦ ( F 1 6 ) 

fail^< a I b >= S W i * • (Fai-Fbi) 

.♦•(F17) 

( (F 3) k:Li:^Mmn±X(0 i ^cov^-CW i = i (dW^-BtK^ 

H = £ W i 2 • h ( i ) ^ 

q q 

= 2 ( 2 ( L a • L b • < a I b > ) 
25 a = 1 b = 1 . 

. • • ( F 1 8 ) 
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4 8 

(F 1 7) ^\zi:^xmm^fi^nmm< a i b >%ms^^ 

tr^JT*. (F18) ^ti (F4) i *> S © "Cx (F2) 

2) r3i/u$- }^nm iD±x(om^iM.t^^x^^i^m-{-^ 

10 T • X ''>38S^^-C*)5 J r. i::6S^Epfeix-cv^5. 
(F3) l::*5»tSffii8^<0 3t«**fe- 

<a|b>=2(Fai«Fbi) ..'(Fa) 

'<:?h/v(xi.x2....xq) t^fKomm^n (x 

Is X 2. . . X q) T iS:^*L^jx«lllPtT^JC<^£i:;&J::» 
15 »t5, ;^*90f<.xT . x'>r±. (F 9) ^Srl|V>-C2fc© J: 

<xT'X^>=22xa - xb •<a | b> 

q q 

20 =2 ( 2(xa'xb-S(Fai*Fbi.))) 
a = 1 b = 1 . i 

= Z (xl«Fli + - • •+xq-Fqi) 
i 

25 o J: 5 I- s < X c ' X T > tt^:^ -e 5 r t Jjs 5^^^ 5 , =8^ o 
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49 



10 



15 



20 



iKl 1 Kl2.....Klq\ 
K21 K22 K2q\ 

..•(HI) 

Kql Kq2 Kqq/ 

:i<DnnKii^h nmoM^l^Vi i i (i=nl. n2. . . 
n n) ^mXJ^. nl. n2. . . n nntnl . n 2. . . n 
nmf^ni>>^^^nm^K (n l . n 2 . . . n n) «rf^S, 
Mx.«K (1> 3) tiJJ:ofT3?»J^X-fe5o 



K = 



K (1. 3) = 



(H 2 ) 



K 1 1 K 1 3 

K 3 1 K 3 3 
5IJ K 35> e> n « fl> *t ft « 31 ^ -C e> ti- 5 ^ X <0 ?T ^ K 

(nl.n2...nn)OfnSrtrace(n) t^mir^o 
. /j: *5 t r a c e . ( 0 ) = 1 t ^E^-f 5 . 



25 



t r a c e (0) = 1 • • . (H 3 a ) 

trace (1) =K11+K22+. . . +K:qq 

. . . (H 3 b ) 
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trace ( 2 ) = 



2 I K i i 
} I K j i 



5 . trace (3) = 



i ^ j 
j ^ k 
k ?t i 



K i i 
K j i 
Kk i 



K i j I 

Kj j I 

. . • (H 3 c ) 

K i j K i k 

k j j K j k 

K k j K k k 



(H3 d) 



10 



trace {q)= 



15 



Kll K12...... -Klq 

K21 K22 K2q 



20 



Kql Kq2 Kqq 

... (H 3 e ) 

Kll-a.K12 .... Klq 

K21 K22-A,.... K2q 



K q i K q 2 



K q q - A. 



26 =S (trace (q — n)) ♦ ((—A.)") 
n = 0 



(H4) 
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5 1 

iJ' 7 y y K © ait si's cp ,ii> jjs f, :6>-f # $ ^ fp^ t © 2 Bl 

#l)p'X«+q-y*+r-z*+a'X + b- y+ c- z 
+ dO + dl»t + d2't«=0 *--(Il) 
#2) a-x+b«y + c- z + d«l=0 • * * (12) 

(6), ( 7) s:tcglii LT. i!E{-iae^ L,fc J: 9 {-Ji^'ieS 

/ffiSr^feX, ^©^l^iS!s&Sr**5wi:lcJ:t) (I D * (I 
2 ) ^(D^<y tJ'P, q, r, a, b.c, dO, dl. d 
2 . d ^ ^ j6 6 w -c # S « 
?fc|c::©¥ffi (a - x + b - y + c • z + d = 0) \HX'(Dm 
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5 2 

T©'<^ h/l'P (x i , y i , z i ) V^^V K 

<0&ao?a3;tiii[d (i) = (x i, y x, z i. t i) 3d^e>. 
- 05 3Pb5 (a-x + b- y + c«z + d = 0) 1^ ^fT*^li-(^ Sr 
5 iiSH 2 (D^pffi ( a • X + b • y + c • z = 0 ) '^©^gSSrth 
^-Ct, ^*b.5:D (i) D (i) «:;^*7aT-&5. 

(a, b, c) (N=k (a, b. c ) ) « k fiM 

10 . k = ( a «+ b «+ c «) . • • (I 3) 

h/^PSrilDs |g202pg (a • x + b • y + c • z = 
0) ©ifemt ^fT'fciiLiiliS^ 2 ( a • X + b • y + c • 

z = 0) t^t>5ji^O'<^ ^>'^Qt±»C^"^?-lh^e>tb5 : 
Q ( i > = P ( i ) - D ( i ) • N • • • (14) 

16 tJfcSQ, «^X.{1Q (1) hO. (i) 

< Q ( 1 ) • Q ( i ) > t > r h/KZJ^MIt© 
S{|Q (1) I • IQ (i) |<iDltr35*e>. r*L^<b^^H/^ 
<Z>Pa<0^«fl (i) iS3|t*e>tl5 : 

r=<Q (1) -Q (i) >/ I Q (1) .1 iQ (i) I 
20 0 ( i ) = c o s - » r ..-(IS) 

e = a + b- t + ct« ..-(16) 

26 a,b.c^:e«)5;ii::i5T-t5- 

gl=e (i) » g2=l. g3=t. g4=t* 
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5 3 

(1 5) ^<3[)a, b. c3js^*5t. fkms[. ntam&i^un 

6 #3) i:. (a, b, c) 365^^ t(Di»:li^-c^^b 

#3)p-(x-a0+al't)» 
+ q ^ ( y ^ b 0 +.b 2 • t ) « 
10 +r - (z-cO + cl - t) (rO + rl • t) ^=0 

. • • (17) 

#4) (a + b- t) - x+Cc + d- t) - y 
+ (e+f-t) - z- ([g + h- t)=0 

...(18) 

15 #3) ^c*iv^T«:^^c<^Dli!gc^£M^-r5SJS§i^<^^*^ 

fl = x«, f2 = y«. f3 = z'v f4=t». f5 = x. 
f6 = y. f7 = z. f8=t. f9 = x- t. fl0 = y- 
20 t , f 1 1 = 2 • t , f 1 2 = 1 

g,h)SrSft-5:::i:i5-C'#5: 

fl = x. f2 = y, f3 = z, f4=t. f5=t-x. 
25 f6=t-y, f7=t-z. f8=l 
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■ jUjeT*-^ d= (x, y) .As^©|&^:&ajCT?^$tL5::i 

*S5^*>oXV>5l^. /■'t ^ --^ a , b, c, a, e, f Sr^fe 

6 a 'dy/dx + b'y + c - y^+d-x + e - x* 

+ f- l = 0 •••(Jl) 

f 1 = d y /d X 
10 = ( y ( i ) - y ( i - 1 ) / ( t ( i ) - t ( i - 1 ) ) 

KSf 2 = y = y (i) 

BSiCf 3 = y»=y (i) * 

m9k i 4 = X = X ( i ) 

f 5 = X X ( i ) « 

15 gi^ f 6 = 1 

a-fl+b'f2+c-f3+d-f4 
+e-f5+f-f6=0 

. m^fi. . . f 6 icMi£:i-5Sisgii^i5f^^-<^ h/i-^Rg 

20 T*;^|Bj5fe.5£S:*4e>5 w J:: i 0 . ^"^^ > -t^' a . b. c d, 
» jfi® L i J: 6 IftH ifts ^im T? # 5 e ^ {1 . 7*- <o « 



25 
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i? d ( i ) pm(om:^m^ (xi. . , xp) ib^^^r) . ^ 
(x 1 . . . X p) (Dm^^^ir^^^mm^^mti'^^ 

d(i) (i=1.2...n) (Dm:^^^x i ( j = 1 . . . 

15 ^7 A g k © 1 ^fcfi^^<O A:^lg|gci: L-C«)#fg||[ailSI- 
IS f k 4r:£i§-r5SJ£il!g::£^#S (4) 

20 ^*}^m^^ifymmt:m^'r^mmw^^^mmm^^w: (s) 

= 1. . . q) (DAJ/Jlg^t LT <^^h.^^<0|gfc§l^li±l5 
25 f-^^n^m (1) ■e#bi^fc£^js:ggt:(Z?ii:S:^5Jll ±IB 
SlSeiic f k (ZJii&^SF k i Biic^lF k i h 
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5 6 

i Sli^^ h/Ufig^Sa^] V C__AR R A Y »ct&*fti"5'< 

^ h/u^^ffiim^^ ( 6) 

hyW^fe^lB3?IJV C_AR R A Y O#'<:^' h F ( i ) 
.5 ^iJ' f/U^FBl<0;^P (i) t\^1t^s ^ilh<O^V (i) 

JS'r'5¥li^¥ffiO:;&"l«1^3^ (LI. . . L q) ^^AS*"!^^ 
(8) i:\ 

1 . 2. , . q) -efcsi^^ n^^^w^^mm^t \.x^iS:ki^ 
• ■ q 

E (L k • f k) = 0 
16 k = 1 

ffi^J V C_AR R AYO^^ h^^F (i) Srq®5it^«. q tf q 
9IJ©ff?(IiC:VSr{^5ff5iI^C:iB^JJ^^^© ( 8 A 1 ) ±IBtT 
20 ^J^<^^H^Srth^i-55^B^ti-^^^.(8 A2) . ±IB^ 
Eg^«::&lpl5S^^t 5^|S]5fe!Sffl;^^i3^ (8A5) 

25 It3fe^3 ±IB;^i^^3£«i#¥S (8) iS. ±f2-<iJ' K^i'fiK^^ 
. ffi^J V C_A R R A Y©ffiii^< a | b > S: H"^ "T 5 ffi H lP 
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5 7 

tf^#S (8B1) t. <a I b >S:fT3?>Jll^^t* SSSfttt 
nccom^mx (1) ... 1 (q) ©35:55*-C-^al-j5V>@W 

itsrJi^ftsswittf^^s (8 B 2) t. ^(om^mi^^j^-^ 
10 i^umom^i^m^m^mm, 

25 ®ffi^i65A:^|glS:d (i) t UT^x.e>n5 w 



. W0.99/329W 
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5 8 



^^idLlty T -( (F 1) ; 

fg::/ a ^ 7 i^ Sr-feifrt L 7 7"f /I' ( F 3 ) ; 

15 . ittt'&m ^ fitcmmm^^^mi^tLyr-f^^ ( f 4 ) , i 

!B:©i^Sr^«^Lfe7rW^i' (FS) ; . 

. ..ii^f k (k = i. . . q) ±B&mm^<omm^\^<^^ 

m^mF ki (k = l...q)4r^^ h/Ufife:»-i:-r5 
h/UF ( i ) ^7<:^7'-^m^^<7 i fetw-t^' h/u 

25 fi£5)^^?lJ V C_A R RAYt LX^^ir h/U^^^-lR^ 

p 7 A Sr^ift Lfc 7 7 ( F 6 ) : 
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5 9 

• h/V^^J-aa^rijy C_AR R AYW^^ h/l'F ( i ) 

(LI. . . Lq) iSr*«>5:&l6j 
^Sg^l^-Zo ^^7;A$r<&«ft Lfc7 T'f /i^ (F 8) : 

5 k (k = 1 . 2. . . q) UT 
^ t c -r s |gc ^ 6<) M ^ Sr ttJ -r 5 IS: ^ 6«J H # m ;^ p ^ 
7AS:fe»Lfc7T'f> (F.l 0 ) : 

• q 

2 ( L k • f k ) = 0 

10 k = 1 

»^«io A;^x-iJ'Jg^^^7 -^^^ i -eizsiJ^HS 1 ffli 
<r>7^:h^-9 d ( i ) p®o£;*:3Elfc ( x l - . . x p ) 
«3 . ^<^>i 9 fiiK:hf-9 (OWL d ( i ) 365^^<@A;^$*i' 
15 yt^. (x 1 . . . X p) (7) ratcfifeSc-f-S 1^^6581^ 

^ m ;^ 1- a ^;er& *3 v^ T . 

d ( i ) ( i = 1 . 2 . .. . n ) <Z)S*|glSx j ( j = 1 . . . 
p) (om^x. j i «rJS#-f5-r-^l&#iag (PI) i: . ■ 

llt^^p^^A^SflilL (m=k) . S^^ixfc^^lllSyp 
^7 A g k <Z> 1 *ySiH:®Sc©A>3 3e«i: L T O # |g jK[ I- 
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